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PBZAbstract Regeneration plants of date palm (Phoenix dactylifera L.) cultivar Siwi (semi-dry cv.) via
reversion of mature female flower were studied. Mature female flowers were cultured on MS med-
ium supplemented with different concentrations of paclobutrazol (PBZ) and abscisic acid (ABA)
(0.0, 0.5, 1.0 and 2.0 mg l1). Callus induction was achieved by all treatments from 8 to 16 weeks
of culture. The highest formation of callus performed on MS medium containing 2.0 mg l1
PBZ, which also gave the highest values of total soluble sugars and their fractions. This callus
was initiated from different zones: the basal part of the flower, the surface of the perianth segments,
carpels and the receptacle. Meanwhile, direct shoot and somatic embryos were only obtained by cul-
tured explants on different concentrations of ABA which contained the highest concentration of
total soluble sugars and their fractions. Shoots initiated from some meristematic cells occurred
between the basal part of the petal and carpel. This protocol provides a simple and rapid way to
regenerate date palm through reversion the mature female flower to the vegetative growth.
 2016 Production and hosting by Elsevier B.V. on behalf of Faculty of Agriculture, Ain Shams
University. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).Introduction
The date palm, Phoenix dactylifera L., is one of the most eco-
nomically important plants in arid and hot regions, especially
in the Middle East and southern Mediterranean countries.
This palm is propagated from off-shoots, which are limited
in quantity in the whole life of tree. In addition seedpropagated palms show variable field performance because
of their genetic heterogeneity (Fki et al., 2011).
Available techniques of rapid multiplication of date palm
have contributed immensely to meet the increased demand of
date palm fruits worldwide (Jain et al., 2011). In vitro micro-
propagation thus soon became an essential and effective means
to ensure the renewal and the extension of palm plantations
(Smith and Aynsley, 1995).
Using inflorescence tissue remains one of the methods to
micropropagate date palm (Bhaskaran and Smith, 1992;
Abahmane, 2011; Zayed, 2011; Kriaa et al., 2012; Zayed and
Abdelbar, 2015). Also, these plant materials are abundantly
available every year and can be used as cheap and potent
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gered species of flowering plant in Arecaceae family (Zayed,
2011). Moreover, using mature female inflorescences can been
isolated easily without touching the vegetative tissue and men-
acing the mother plant. This is because, at the mature stage,
they are fully emerged and separated from the apical bud tis-
sues, so through collection would not present any menace to
the mother plant, (Kriaa et al., 2012).
If the leafy shoots were formed after reaching flowering
state this is known reversion phenomenon. This occurred
under certain environmental conditions (Battey and Lyndon,
1990; Pouteau et al., 1997).
Levels of endogenous plant growth regulators play critical
role in creating variations in morphogenetic potentials as has
been manifested in different plant genotypes. Meanwhile,
exogenous application of PGRs and occurrence of competent
cells of the explant require stimulating induction of organ dif-
ferentiation (Bhaskaran and Smith, 1990; George et al., 2008).
A suitable nutrient media are considered to be one of the most
crucial phases in in vitro growth and differentiation of excised
plant tissue (Williams et al., 1985; Johnson, 1996).
The plant growth retardants have become the most widely
used group of bioregulators in agricultural and horticultural
practice. When applied in appropriate concentrations growth
retardants modify plant architecture in a typical fashion
(Rademacher, 2000).
Recently, Zayed and Abdelbar (2015) reported that, the
levels of endogenous GA3 and IAA, total soluble sugars, reduc-
ing sugars and non-reducing sugars were recorded the highest
values in immature female inflorescences of date palm (Phoenix
dactylifera L.) cultivar Siwi. Also, exogenous GA3 is frequently
inhibitory to in vitro growth and development, and chemicals
capable of blocking the biosynthesis or action of endogenous
gibberellin may have promoter effects on cultures in which nat-
ural gibberellin levels are supra-optimal (George et al., 2008). It
appears that for many species, the somatic embryogenesis is
inhibited by the presence of exogenous gibberellins in the callus
induction medium (Ezura and Harberd, 1995; Gomes da
Cunha and Ferreira, 1996; Hutchinson et al., 1997). The inclu-
sion of certain gibberellin biosynthesis inhibitors such as
ancymidole, PBZ or uniconazole influenced positively the
somatic embryogenesis and plant regeneration of several spe-
cies (Feng and Wolyn, 1993; Hutchinson et al., 1997;
Senaratna et al., 2001; Chen and Chang, 2003).
PBZ inhibits gibberellin biosynthesis and stimulates accu-
mulation of ABA, and changes in cytokinin concentrations
would result in a new endogenous hormone balance. More-
over, it has also been shown that PBZ induces large elastic
moduli in cell walls in white spruce treated plants (Wang
and Steffens, 1987; Fletcher et al., 2000; Marshall et al., 2000).
ABA has been observed to influence morphogenesis in a
number of plants by modifying the effects of other hormones,
notably cytokinins and gibberellins, but also auxins (George
et al., 2008).
Using mature female flower of date palm in vitro has a little
evidence. So, the current study was carried out to elucidate
using mature female inflorescence as a potential strategy to
produce callogenesis, direct embryos and direct shoot instead
of using shoot tips. The most feature of reversion was its
strong association with growth regulators, hence, this paper
also clarifies the role of PBZ and ABA in success of reversionprocess by studying morphological, histological and biochem-
ical changes.
Material and methods
The present study was conducted during the period from 2013
to 2015 in the Central Lab. for Date Palm Researches and
Development, ARC, Egypt and Agricultural Botany Depart-
ment, Faculty of Agriculture, Ain Shams University.
Plant material and tissue culture protocol
Mature female inflorescences excised from adult female trees
of date palm cv. Siwi which grow in the field of agriculture
ministry at Abo-Rawash, Giza, Egypt. All mature female inflo-
rescences were collected in the end of March that became com-
pletely mature and spathe fully emerged. Spathe (40–50 cm in
length) was washed well by using a soap and tap water to
remove dust particles. The explants were surface-sterilized
using ethanol 70% (v/v) for 1 min and then mercuric chloride
at 0.01% (w/v) for 1 h, followed by three independent rinses
each in sterile distilled water under aseptic conditions. After
this, the outer sheath and base were removed; then, the inflo-
rescence axes were sliced horizontally into 2–3 cm segments
(each segment contained 2–3 flowers), and each explant was
cultured horizontally with a good contact with the surface of
the induction media.
The basic cultured medium consists of a basal MS salts
(Murashige and Skoog, 1962) supplemented with sucrose
(30 g l1) and the media were gelled by agar (6 g l1) and acti-
vated charcoal (1.0 g l1). Different concentrations of PBZ
and ABA (0.0, 0.5, 1.0 and 2.0 mg l1) were added individually.
The pH of the media was adjusted to 5.8 prior to sterilization in
the autoclave and the cultures also were incubated in total dark-
ness at 27 ± 2 C and transferred to fresh media every 8 weeks.
Data were taken during three subcultures as follows:
 The average percentage of the browning degree was scored
visually according to Pottino (1981) as follows:1 () Negative results
2 (+) Below average results3 (++) Average results4 (+++) Good results The average percentage of callus formation/explant.
 The average percentage of direct shoots formation/explant.
 The average value of number of direct somatic embryos
formation/explant.
 The average percentage of adventitious roots
formation/explant.
Histological studies
Plant samples were harvested during the three sub-cultures to
observe the morphological changes by OPTICA SZM-2 binoc-
ular. The samples were killed and fixed in FAA solution (For-
malin, acetic acid and 50% ethyl alcohol, 5:5:90 by volume) for
24 h. The schedule of the paraffin method as described by
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nal sections (6–8 lm) in thickness were made by LEICA rotary
microtome model RM 2125 RTS and fixed on slides by means
of Haupt’s adhesive. The sections were stained with a
Safranin–Fastgreen combination, and then mounted in
Canada balsam (Sass, 1951). Observations and photomicro-
graphs were obtained with LEICA light research microscope
model DM 2500 supplied with a digital camera.
Biochemical analyses
Explants were taken after the first sub-culture from different
media for determination of total soluble sugars, total indoles
and total phenols.
Determination of total soluble, reducing and non-reducing
sugars was carried out according to the method of Shales and
Schales (1945).
The total indoles were determined according to Larsen
et al. (1962).
Phenols determination was carried out according to Malik
and Singh (1980).
Statistical analysis
The used designed was in a complete randomized design with
three replicates, using L.S.D test at 5% according to Snedecor
and Cochran (1989).Results
Morphological changes
The ability of mature female inflorescence to form callus was
tested during this study. Flower swelling (the first sign of cal-
lusing) could be observed after 4–6 weeks of culturing. Then,
callus emergence was noticed from the swelled carpels. Also,
it has been the emergence of callus from the sepals and petals.
The first callus formation was only obvious after 12–16 weeks
of culture.
However, in the other observed formed structures like
direct organs (shoots and roots) and somatic embryos, the
flowers were less swelled. Root like structures were firstly
noticed after 12–14 weeks, while shoot and embryos were
formed after 20–24 weeks from culture.
Concerning the browning degree data shown in Table 1
illustrated that there were no significant differences between
different concentrations of PBZ treatment. The highest value
of callus formation (50%) produced from cultured mature
flower on medium contained high concentration of PBZ
(2 mg l1) and also the same concentration produced direct
root formation (12.5%). Meanwhile mature flower cannot able
to form any direct shoots or embryos when cultured on media
contained PBZ.
On the other hand, data resulted that the highest values of
callus formation (30%) induced from mature flower explants
cultured on medium supplemented with 0.5 mg l1 ABA, while
the lowest significant value was obtained with 2 mg l1 ABA.
The highest significant percentage value of direct shoot for-
mation (40%) was obtained from cultured media containing
2 mg l1 ABA. On the other hand, cultured media containingABA (1 or 2 mg l1) gave the highest percentage of direct
embryos (15% for each). Meanwhile, using 0.5 mg l1 ABA
produced the highest percentage value of direct root (25%).
Histological changes
The mature pistillate flower at the time of culturing was cream
in color, 3 mm in width and 5 mm in length, with two homoge-
nous perianth segments. The outer one consists of three free
short imbricate sepals, while the inner one consists of three lar-
gely imbricated free petals. Both sepals and petals have an
outer and inner uniseriate epidermal layers enclosing in
between a homogenous mesophyll, which is transverse by
small vascular strands. The flowers have three carpels which
grow and elongate to achieve a plump flask in shape. The tips
of the carpels and the stigmas are exposed at the apex of the
flower. The stigma became curved and narrow projection that
protrudes from the imbricate petals (Fig. 1a and b).
Since the explants ‘‘mature pistillate inflorescences” were
cultivated on media supplemented with PBZ and ABA,
remarkable morphogenetic transformation was observed.
Morphological observations indicated that all tissues of the
inflorescence axis ‘‘the rachillae” acquired different degrees
of brown colors (Fig. 1c). After 6–8 weeks from culturing on
different media examinations, the mature pistillate flowers
appeared to be swollen ‘‘the perianth segments and/or the
carpels”, particularly that flowers which produced callus latter.
These swollen flowers can split easily from the rachillae and
fall on the media (Fig. 1d–f). Subsequently, callus was initiated
at the first 8 weeks of culturing on all treated media, and then
obviously increased at the end of the 16 week from culturing.
This callus has a translucent appearance with irregular bor-
ders. It grows from different zones of the mature pistillate
flowers ex: the surface of the perianth segments (Fig. 1d), the
basal part of the flower at the attachment point with the rachil-
lae (Fig. 1e), form the carpels (Fig. 1f) and from the receptacle
(Fig. 1g and h).
The well-developed calli consisted of translucent mass of
globules of white color (Fig. 1i). This callus was subcultured
on MS medium supplemented with 0.1 mg l1 NAA and gave
rise to somatic embryos (unpublished data).
Obviously, flowers that did not participate in callus initia-
tion were less swelling (Fig. 2a). Shoot initiation was observed
by the histological studies through 12 weeks of culturing on
ABA media. Through this time, shoots were originated from
the basal part of the pistillate flower mainly from some meris-
tematic cells occurred between the basal part of the petal and
the carpel tissue (Fig. 2b). These shoot meristem consists of a
mass of meristematic cells which later differentiated into meris-
tematic dome surrounded by leaf primordial (Fig. 2c). Further-
more, these newly shoots will be developed and forming visible
adventitious shoots arising from the flower surface at the end
of the 24 week of culturing without callus formation
(Fig. 2d and e).
The direct somatic embryo was differentiated from the
flowers without passing of callus formation (Fig. 2f). Mean-
while, adventitious roots formation was differentiated directly
from the pistillate flower without any signs of callus formation
when cultured on ABA medium. It was obviously in this case
that the explant did not swell but became more senescence. Its
tissues became necrotic with a brownish color (Fig. 2g).
Table 1 Effect of PBZ and ABA treatments in culture media on regeneration process of mature pistillate flower of date palm cv. Siwi
for the duration of 24–48 week.
Treatments Browning degree Callus formation Direct shoots Direct embryos Direct root
PBZ ABA
mg L1 %
– – 2.25 25.0 0.0 0.0 10.0
0.5 – 2.50 37.5 0.0 0.0 0.0
1.0 – 2.25 30.0 0.0 0.0 0.0
2.0 – 2.75 50.0 0.0 0.0 12.5
– 0.5 2.25 30.0 0.0 7.50 25.0
– 1.0 2.00 25.0 20.0 15.0 12.5
– 2.0 1.50 20.0 40.0 15.0 0.0
LSD (5%) NS 1.902 9.897 1.258 1.372
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Data illustrated in Table 2 showed the levels of sugar fractions
(total soluble, reducing and non-reducing sugars), total indoles
and phenols in mature flower explants after one sub-culture on
different inductive media. The highest concentrations of PBZ
(2 mg l1) gave the highest significant values of total soluble,
reducing and non-reducing sugars (5.148, 2.255 and
2.75 mg g1 f.wt., respectively) as compared to the other con-
centrations of PBZ but also achieved the lowest level of signif-
icance as compared to control or ABA treatment at 2 mg l1.
In contrast using low concentration of PBZ (0.5 mg l1) led
to significant increase in total indoles and phenols (1.446 and
0.874 mg g1 f.wt., respectively) as compared to control.
Data clearly showed that explants cultured in induction
media with addition of ABA (2 mg l1) achieved the highest
levels of sugar concentrations (total, reducing and non-
reducing sugars) to rich 10.87, 5.419 and 5.178 mg g1 f.wt.,
respectively. However, addition of ABA (0.5 or 1.0 mg l1)
to the induction media showed reduction in the levels of sugar
concentration.
Regarding the total indole concentrations, data revealed
that ABA (0.5 mg l1) was the most effective in increasing
indole.
From the obtained data, the most striking observation we
could notice that, the explants that had been cultured in con-
trol medium contained the highest significant value of reducing
sugars (7.189 mg g1 f.wt.).Discussion
The reversion from the floral stage to the vegetative state is a
complicated process on date palm. This process requires a high
control of various physiological and hormonal factors. From
these factors, the nature of the explants and plant growth reg-
ulators play a specific role in the reversal of vegetative state
from the floral stage (Kriaa et al., 2012). Levels of endogenous
plant growth regulators also play critical role in creating vari-
ations in morphogenetic potentials as has been manifested in
different plant genotypes (Bhaskaran and Smith, 1990). Also,
exogenous application of PGRs and occurrence of competent
cells of the explant require stimulating induction of organ dif-
ferentiation (George et al., 2008).Paclobutrazol is a growth retarding, potent inhibitor of gib-
berellins biosynthesis but it also interferes with the synthesis of
abscisic acid and sterols (Yates et al., 1993). Like other gib-
berellins growth retardants (triazoles group) can stimulate
embryogenesis, where it is inhibited by GA3 (Hutchinson
et al., 1997).
Although the direct role of PBZ is inhibition of the oxida-
tion step of ent-kaurene to ent-kaurenoic acid and thus inhibi-
tion of gibberellin’s (GAs) biosynthesis, it has a secondary role
of promoting the synthesis of cytokinins. This was probably
achieved through the diversion of reactions into the biosyn-
thetic pathway of cytokinins, since they have the same interme-
diate precursor (Fletcher et al., 2000). Also, Browning et al.
(1992) investigated the effect of PBZ on the translocation of
endogenous IAA in Doyenne du Comice pear cultivar. PBZ
induced changes in growth and productivity of agronomical
and horticultural crops had been described in some studies
(Ghosh et al., 2010).
Several studies have reported that the differentiation degree
of the flowers is an important factor defining their ability to
develop (Liu, 1993 and Zayed, 2011). The present study
recorded obvious swelling in explants treated with PBZ and
this observation matched with Wang and Lin (1992), they
reported that paclobutrazol treatment promoted swelling and
increased cell volume in the primary roots of pea.
Morphological and histological analyses of mature floral
explants indicated that callus initiation started since the second
subculture. PBZ treatments produce callus and these results
agree with Hamama et al. (2012), who reported that the use
of paclobutrazol alone increased callus formation and slightly
improved the rate of regeneration of Pelargonium species.
Also, Zayed (2011) reported that, the highest value of swelling
and callus formation was produced from cultured immature
inflorescence explants of Phoenix dactylefra and Hyophorbev-
erschaffeltii on medium containing 0.5 mg l1 PBZ. Dmitry
et al. (2009) found that, the addition of daminozide stimulated
the formation of white compact, nodular-organized callus on
most of studied wheat varieties.
On the other hand, PBZ treatments have no effect on the
direct formation of shoots, roots or direct embryogenesis. In
this respect, Gehlot et al. (1989) reported that PBZ reduced
root and shoot formation in vitro of moth bean. The addition
of triazoles to the regeneration medium reduced the formation
of green meristematic nodules, which are precursors of shoots
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Fig. 1 (a) Morphology of mature flower on rachillae of female inflorescence of date palm cv. Siwi, note the flower and the rachillae are in
white creamy color. (b) Longitudinal section of the same flower reveals the development of the floral parts (perianth and carpels). (c) 2–3
weeks after culturing on different media showing the browning color of the explant comparing to (a) swelling explants and callus induction
(d–i), note the flowers separated from the inflorescence axis after swelling appearance. (d) Callus initiated from the perianth surface (white
arrows). (e) Mass of callus initiated from the basal part of the flower (white arrow indicates a mass of callus on the abscission zone). (f)
Black arrows indicate three callus masses arising from the three carpels, note the browning stigmas. (g) Longitudinal section of the flower
after 6 weeks of culturing reveals occurrence of meristematic cells on the receptacle. (h) An enlarged view from (g) (the rectangle shape)
arrow indicates the meristematic cells. (i) Cross section of one flower separated from the inflorescences axis with numerous callus masses
arising from the sepals, petals and carpels. Abbreviations: br., bract; inf.a, inflorescence axis; s, sepals; p, petals; c, carpels, ov., ovule.
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Fig. 2 (a) One flower separated from the inflorescences axis after 10 weeks of culturing on ABA. Note the less swelling comparing with
Fig. 1(d–f). (b) Longitudinal section of the same flower reveals that there are meristematic cells (arrow) occurred between the petal and
carpel. (c) Initiation of shoot tip with leaf primordial. (d) Developing of the adventitious shoots from the mature flower. (e) Developing of
new leaves arising from flower, the arrows indicate the degenerating carpels. (f) Initiation of direct embryo arising from the flower. (g)
Formation of direct root arising from the flower. Abbreviations: s, sepals; p, petals; c, carpels; Sh., Shoot; n.l., new leaf.
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tions of PBZ cannot able to develop any direct shoots, roots or
somatic embryos from immature female inflorescence explants
of date palm or immature and mature inflorescence of spindle
palm (Zayed, 2011).
The present data illustrate that using PBZ in high concen-
tration (2 mg l1) produced direct root. Similar result is
obtained with Te-chato et al. (2009), who found that high con-
centration seemed to promote root formation on orchid.
ABA has been observed to influence morphogenesis in a
number of plants by modifying the effects of other hormones,
notably cytokinins and gibberellins, but also auxins (George
et al., 2008). Shepard (1980) found that adding ABA to the
growth medium (0.05–0.2 mg l1) caused morphogenesis to
occur more rapidly than it otherwise would from potato callus.
The present result indicated that, callus was initiated from
the abscission zone after the swollen flowers were fallen. Thisresult agrees with Altman and Goren (1974), who mentioned
that callus was stimulated by ABA (0.3–2.6 mg l1) and
formed especially on the abscission zone between the petiole
and the stem of citrus leaf. ABA has been capable of stimulat-
ing callus growth, on hypocotyl explants of Cryptomeria
1 mg l1 ABA in the culture medium had the same effect as
10 mg/l of the cytokinin BAP in stimulating internal callus
(Isikawa, 1974). Also, ABA culture medium promoted carrot
callus induction and proliferation in the tissue (Jime´nez and
Bangerth, 2001).
Histological analysis indicated that shoot primordial initi-
ated directly from the basal part of the petals, while carpels
degenerated. The basal part of the petals was characterized
by zone maintained at a meristematic stage. These zones might
be more important than the other flower organs since they rep-
resent a store of dormant tissues than that can be activated by
ABA treatment. The previous study by Loutfi and Chlyah
Table 2 Effect of PBZ and ABA treatments on the levels of sugars fractions (total soluble sugars, reducing and non-reducing sugars),
total indoles and phenols after the 1st sub-culture of mature pistillate flower of date palm cv. Siwi.
Treatments Sugars concentration Total indole conc. Total phenol conc.
PBZ ABA Total Reducing Non-reducing
mg l1 mg g1 f.wt.
– – 7.941 7.189 0.712 1.030 0.232
0.5 – 2.908 1.676 1.174 1.446 0.874
1.0 – 3.556 1.557 1.899 0.514 0.071
2.0 – 5.148 2.255 2.750 0.869 0.137
– 0.5 1.494 0.215 1.217 1.484 0.136
– 1.0 3.764 0.765 2.861 1.046 0.069
– 2.0 10.870 5.419 5.178 1.348 0.139
LSD (5%) 0.159 0.112 0.210 0.477 0.056
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young female inflorescences. Drira and Benbadis (1985)
obtained vegetative buds from carpels that reversed from the
reproductive to vegetative phase. This deference in morpho-
genetic behavior may be attributed to the age of the inflores-
cence and/or the experimental conditions. Heide (1968)
reported that shoot bud formation on isolated Begonia
cheimantha leaves was enhanced when the leaves were treated
with ABA, and inhibited when either auxins or gibberellins
was applied. In vitro applied ABA has induced terminal
bud formation ex vitro in pine plants (Timmis and
Ritchie, 1988).
The present result indicated that adding ABA to the induc-
tion media was more useful for direct organogenesis or
embryogenesis. Manipulation of endogenous and/or exoge-
nous ABA levels increases the frequency of embryos reaching
maturity and can assist the handling of the large populations
of somatic embryos. This can be required for mass propaga-
tion (Ammirato, 1988). Kuol et al. (2002) found that, there
was a direct development of somatic embryos of Corydalis yan-
husuo on the surface of converted primary somatic embryo
when cultured for two months on MS medium supplemented
with 2.0 mg l1 ABA. Scanning electron micrograph of con-
verted somatic embryo showed that, embryos at different
stages of development arise directly without an intervening cal-
lus phase.
Mature inflorescence explants of spindle palm cultured on
medium contained lowest concentrations of ABA 0.01 mg l1
gave the highest value of swelling and callus formation per-
centage, whereas added the highest concentrations of ABA
1.0 mg l1 gave the lowest significant value (Zayed, 2011).
The present study reported a positive correlation between
the callus formation percent and increasing the level of PBZ.
This observation could explain the decrease in the sugar con-
tents in these cultures compared with control medium due to
that morphogenesis requiring high-energy. Immature female
inflorescences of date palm contained much high levels of total,
reducing and non-reducing sugars, while callus contains the
lowest level among the other developmental stages (Zayed
and Abdelbar, 2015).
Catarina et al. (2003) found high level of total sugars in the
embryoides. This increase in total sugars could also have
occurred as a consequence of the uptake and metabolism of
the carbohydrates supplied exogenously. Cell division
demands a high amount of carbon in order to supply theATP necessary for cellular metabolism (Martin et al., 2000;
Yoshida, 2003).
Non-reducing sugars reach the highest concentration when
ABA concentration was increased to 2 mg l1. These data
insure the previous data which showed that ABA may enhance
embryogenesis by promoting sucrose uptake from the medium
(Saftner and wyes, 1984) or starch synthesis by controlling
a-amylase activity (Higgins et al., 1982).
Moreover, Fortes and Pais (2000) explained the important
role of starch accumulation/mobilization cycles in organogen-
esis process of Humulus lupulus var. Nugget and they suggested
that the starch is used both during organ initiation and later in
its development. The results obtained by authors revealed that
starch accumulation in control explants was detected at a
lower extent than in explants cultured under organogenesis-
inducing conditions. However, when pre-nodular and nodular
structures were formed starch mobilization started in these
nodules before shoot regeneration.
Indole concentration was raised when tissues were cultured
on induction media supplemented by ABA.
Regarding the total phenol concentration data clearly
reflected that media added with PBZ increased total phenols
within cultured explants after one sub-culture.
The relationship between IAA and phenols has been dis-
cussed by many investigators (Lee and Skoog, 1965; Lee,
1980; Grambow and Langenbeck-Schwich, 1983), and it is
interesting to know how the plant cells have mechanisms for
regulation of the endogenous IAA to its requirements. Phenols
were found to react with hydrogen peroxide produced during
IAA degradation, thereby protecting the cell from its toxic
effects. Relatively large amounts of natural inhibitors of IAA
oxidase have been reported to be present in meristematic and
juvenile tissues, but not in normal mature differentiated cells
until they are wounded (George et al., 2008).
Bernier et al. (1993) reported that, the increased sucrose
supply to the meristem precedes the activation of energy-
consuming processes such as mitotic activation and thus does
not result from a higher demand by the meristem. This sug-
gests a message-like role for sucrose.
Meristems that would normally produce flowers or floral
parts can be induced to give vegetative shoots in vitro and is
reported in the literature. The exact origin of the shoots pro-
duced is not always known but histological studies can assist
in determination of origin (Guerra and Handro, 1998; Loutfi
and Chlyah, 1998).
132 E.M.M. Zayed et al.In conclusion, an efficient and rapid protocol for plant
regeneration from mature female flower of date palm trees is
possible by reversion mature flower to meristematic state.
The type and appropriate concentration of plant growth regu-
lators is essential for success of the reversion process. In addi-
tion, the most intensive induced callus and direct
organogenesis formation are noted with ABA.
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